neoformans/non-C. gattii species are capable of titanisation. Based on a survey of several 23 basidiomycetous yeasts, we propose that titanisation is unique to C. neoformans and C. gattii. In 
120
We utilized a method based on the protocol described by Dambuza et al. to test nine non-
121
neoformans Cryptococcus species for their ability to undergo titanisation in vitro 28 The following 122 species were tested: C. albidus (2 strains), C. aspenensis (4 strains), C. curvatus (2 strains), C. Table S1 ).
130
As titanisation protocol introduced by Dambuza et al. recommended incubation at 37°C,
131
we first analyzed how temperature affected growth of the strains included in our study. We 132 reasoned that the ideal temperature for titanisation is close to but not above the maximum temperature a given strain tolerates. While C. neoformans was capable of proliferating at 37°C,
134
as reported previously, the majority of non-neoformans species could not grow at this 135 temperature (Table S1 ). Based on the fact that the majority of strains could not proliferate at
136
37°C and grew at 30°C, we decided to utilize 30°C when testing titanisation and compare to 37°C
137 for all the strains tested.
138
We estimated the percentage of Titan cells in the population based on a visual inspection 139 of cells after 48 h of incubation under titanisation conditions. Specifically, we defined Titan cells
140
as cells with diameter of close to or larger than 10 µm, with characteristic single large vacuole,
141
and a thick cell wall as judged based on differential interference contrast (DIC) microscopy. As
142
we decided to test Titan cell formation at 30°C, it was important to assess whether lowering the Table S2 ). We 146 estimated that cultures of eleven out of twelve strains of C. neoformans var grubii, tested at 37°C
147
(one of the environmental isolates that has been collected in North Carolina, strain BS001, did 148 not titanize), contained an average of 9.7 +/-1.5% Titan cells after 48 hours (Table S2) .
149
Importantly all these strains proliferated as the number of cells within 48 hours increased 150 between nearly 500 to over 1000 times from the initial inoculum of ~10 3 cells (Table S2) . Table S3 ). Notably, none of these strains underwent significant enlargement ( Figure 2 ). We 171 observed morphological differences among the non-neoformans and non-gattii species under
172
"titanisation" conditions ( Figure 2 (Table 1 ). These findings suggest that the "killing" factor was present in various FBS 211 samples and was removed in the process of dialysis.
212
While C. gattii was not killed by the FBS, growth of cells was strongly inhibited and no
213
Titan cells were observed in the absence of 5% CO 2 ( Figure 3 , Tables S2, S3 ). A lack of 214 titanisation in case of C. gattii could be explained by a strong inhibitory effect of the FBS.
215
However, when the boiled FBS was utilized, significant proliferation was observed, but no Titans
216
were formed ( Figure 3 , Table S2 ). This suggests that FBS is not sufficient to induce titanisation 217 in the absence of CO 2 or alternatively, boiling not only eliminated inhibitory potential but also a 218 factor (or factors) that stimulates titanisation. The latter could occur if the same factor (or factors)
219
caused both, growth inhibition/killing and titanisation, but other alternatives remained possible.
220
The two strains of C. neoformans var. neoformans showed a distinct response to FBS in the 221 absence of 5% CO 2 ; strain JEC21 was not inhibited while strain JEC20 was killed by FBS
222
( Figure 3 , Table S2 ). Importantly, strain JEC21 did not form Titan cells even though proliferation Table S2 ).
224
We tested how does reducing the temperature to 30°C impact the inhibitory effect of the compared to nearly complete killing at 37°C (Table S3 ). C. neoformans var. neoformans strain
228
JEC21 was not affected similarly to 37°C, whereas strain JEC20 remained largely inviable ( Figure S2 , Table S3 ). Figure 3 , whereas the results
246
for the remaining strains that were tested are included in Table S2 . We first considered that an 247 enzymatic activity may be involved and we subjected the FBS to a brief boiling prior to utilizing 248 it in our protocol. As mentioned before for the C. gattii strains, this treatment abolished growth 249 inhibition of all strains tested but no Titan cells were formed suggesting that this FBS treatment initial low cell density is critical for the killing effect to take place ( Figure S3 ). We tested if the 268 amount of amino acids in the YNB that was used as the pre-incubation medium (YNB with vs.
269
YNB without amino acids) played a role in the subsequent inhibition by the FBS but found no 270 significant difference ( Figure S3 ). In contrast, utilizing rich YPD medium instead of YNB as the pre-incubation medium) no Titan cells were detected in the absence of 5% CO 2 .
274
We hypothesized that growth inhibition and/or killing resulted from an increase in levels
275
of reactive oxygen species (ROS). To test this possibility we first included in our "titanisation" Table S2 ). Strain JEC20 remained inhibited, suggesting that some factor other than ROS
289
contributes to growth inhibition in this strain ( Figure 3 , Table S2 ). To further test the role of ROS Table S2 ). Theoretically, AA may be a more potent antioxidant (either by reducing
294
ROS or alleviating the negative effects of ROS) as compared to GSH at concentrations that were 295 applied. One notable difference between the two treatments was that the addition of AA to FBS 296 lowered the pH from ~7.4 to ~5.0, while GSH had no effect on pH. To test if the potentiated (Table S4 ). However, it improved proliferation in the presence of 5% CO 2 suggesting 315 that mitochondrial activity contributes to growth inhibition in the presence of FBS (Table S4) .
316
As shown in Table 1 , dialyzed medium was not killing C. neoformans var. grubii in the 317 absence of 5% CO 2 , in contrast to non-dialyzed types of FBS, suggesting that the factor (or 318 factors) that contribute to killing was removed during dialysis. However, no proliferation was 319 observed most likely due to the absence of glucose and amino acids that were removed during the 320 dialysis procedure. Indeed, when the dialyzed medium was supplemented with glucose and 321 amino acids, proliferation of C. neoformans var. grubii was evident (Table S4 ). This dialyzed
322
FBS that was supplemented with glucose and amino acids fully supported titanisation in the 323 presence of 5% CO 2 . However, when this FBS was subject to boiling the percentage of Titan cells was significantly lowered (Table S4 ). This finding suggests that this dialyzed FBS still 325 contained a factor (or factors) that stimulate titanisation in the presence of 5% CO 2 . On the other 326 hand, in the absence of 5% CO 2 , no Titans were formed with this dialyzed FBS despite robust 327 proliferation, which indicates that dialysis eliminated another factor that normally is present in
328
FBS and which is sufficient to stimulate titanisation in the absence of 5% CO 2 (Table S4) .
329
Previous studies have suggested that the polysaccharide capsule plays an important role in wild type strain ( Figure 5 ). Strikingly, both mutants were partially resistant to growth inhibition 337 imposed by the FBS (Figure 3 ). Moreover, cap59Δ mutant exhibited reduced ability to titanize 338 while cap10Δ was not able to produce Titans under any conditions tested ( Figure 3 and Figure 5 ).
339
In aggregate, our data suggest that C. neoformans and C. gattii are unique in being able to The leading aim of this study was to assess the ability to titanize among various non-C. the lab had no effect, FBS that was commercially heat-inactivated was less inhibitory suggesting 463 that the complement complex may contribute to the killing and/or inhibition ( Figure S3 ).
464
Dialyzed serum reconstituted with glucose and amino acids was no longer inhibitory. According
465
to the manufacturer's specification data sheet all components of FBS with the size below 10,000 
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Tested strains and media
522
All the strains used in this study are listed in 
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The authors declare no competing interests. Cells were subject to titanisation protocol 28 at either 30 or 37°C. After 48 hours of incubation, images of 616 cells were taken and cell body diameter was measured. Cultures of each strain grown in YPD medium at 617 24°C examined at exponential phase of growth served as controls (A) Incubation at both 30°C and 37°C 618 led to a significant difference in cell body diameter for both strains as compared to the control treatment 619 (p<0.001). Incubation at 37°C led to a significantly larger median cell body diameter of H99 strain as 620 compared to 30°C (p<0.001). While incubation of C. gattii at 37°C led to the presence of a small 621 population of particularly large cells that were absent after incubation at 30°C, the effect of higher 622 temperature on the median diameter was not statistically significant. The median cell diameter of R256 623 cells at respective temperatures was significantly larger as compared to H99 strain at 30°C (p < 0. containing media subjected to the following additional treatments: FBS media were supplemented with 652 either AA (10 mM ascorbic acid), GSH (5 mM reduced form of glutathione), or pH was adjusted to 5.0 653 (from the initial pH = 7.4); the FBS was brought to boiling point for 2 min or heated at 56°C for 30 654 minutes. Graphs are based on data included in Table S2 , which contains more complete list of other strains 655 tested. The schematic images illustrate proposed effects of the treatments based on findings presented in 656 the corresponding graphs above each image. Green color in the schematic images refers to factors that 657 generally reduce inhibition of growth imposed by the FBS. Bleu color refers to factors that stimulate 658 titanisation. In the presence of 5% CO 2 (shown on the left) Titan cells are formed (in strains that are 659 capable of titanisation) and the inhibitory effect to the FBS is minimal. Boiling of FBS stimulates 660 proliferation but inhibits titanisation whereas addition of an antioxidant reduces inhibition imposed by 661 FBS without inhibiting titanisation. In the absence of 5% CO2 (shown on the right), the inhibitory effect 662 of the FBS predominates and titanisation is inhibited unless pH is adjusted to 5.0, or an antioxidant is 663 present. Boiling of the FBS reduces the inhibitory effect of FBS but also reduces titanisation. Green color refers to factors that reduce the inhibitory effect of FBS and promote proliferation. Blue color 698 relates to factors that stimulate titanisation. Under static growth conditions, 10% FBS (in PBS) possesses 699 an activity that is capable of stimulating titanisation even in the absence of CO 2 . However, an inhibitory 700 activity of FBS precludes titanisation unless this inhibitory effect is diminished by at least one of the 701 following treatments: addition of an antioxidant, lowering pH to 5.0, or introduction of 5% CO 2 .
702
Furthermore, 5% CO 2 not only reduces the inhibitory effect of FBS but also further stimulates titanisation.
703
Boiling of the FBS eliminates both, the inhibitory effect of the FBS and the activity that induces 704 titanisation with and without the presence of 5% CO 2 . Dialysis of the FBS also prevents inhibition 705 imposed by the FBS and prevents titanisation in the absence of 5% CO 2 . However, dialyzed FBS still 706 allows titanisation in the presence of 5% CO 2 . A temperature of 37°C has the opposite effect as it 707 potentiates both, titanisation and the inhibitory effect of the FBS. Capsule plays both a positive role by 708 enhancing titanisation and also a negative role by mediating the inhibitory effects of the FBS (not shown). ** According to standard conditions recommended in protocol for Titan cell induction (except the incubation temperature was set at 30°C), (8) To test the survival rate after 48 hours of incubation, 100 microliters of the medium (out of 1 ml that was in the well) containing the cells were first diluted 100 times and then spread over the semisolid YPD medium and incubated at 30°C for 2 days. For conditions A, C, and E of the treatment without 5% CO 2 , the entire content of the well was spread on the YPD semisolid media and incubated as described above. The numbers in the top left corners indicate the total number of colonies counted on the plate. Those numbers indicate the number of cells remaining viable out of the original ~1000 cells that were seeded in the wells.
